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III  aircraft  tire  designs.  These  designs  included  tire  carcasses  which  were 
rotationally  cast/molded  from  thermoplastic  polyester  elastomer  materials 
(Hytrels)  of  various  hardness  with  and  without  reinforcements.  Three  basic 
cast  tire  designs  were  developed  and  evaluated  during  Phase  11  efforts;  the  - 

oo ,  :°:u„  1473  FOlTlON  OF  ’  NOV  85  r$  OBSOLETE 

'>f<  UR'Ty  '"L  A  ’•ON  >‘  iHiSPAi.f  WT.r  '*•«  Fn  tmred 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTun  Dar.  Enfrtd) 


one-piece  cast  tire,  the  cast  carcass/replaceable  tread  tire,  and  the  cast 
carcass/integral  tread  tire. 

The  development  of  the  one-piece  cast  tire  was  terminated  after  three 
design  iterations  (15  tires)  were  evaluated  due  to  its  shortened  dynamic  life 
caused  by  tread  groove  failures  (areas  of  high  stress  concentration). 

The  development  of  the  two-piece  cast  carcass/replaceable  tread  tire  was 
terminated  after  two  design  iterations  (10  tires)  were  evaluated  primarily  due 
to  tread  derailment  problems.  These  designs,  however,  represented  a  consider¬ 
able  improvement  over  the  one-piece  cast  tire  designs  as  the  tread  groove 
failures  (areas  of  high  stress  concentration)  were  eliminated  by  replacing 
the  thermoplastic  material  with  conventional  tire  materials  in  the  tire  tread. 

Twenty-five  itegral  tire  design  iterations  (105  tires),  some  of  which 
included  glass  reinforcement,  were  tested  and  evaluated  to  the  A-37  aircraft 
main  gear  tire  specifications.  The  testing  resulted  in  the  following 
significant  achievements:  V_ 

1.  Successfully  completed  one-hundred  A-37  qualification  takeoff  cycles. 
Each  of  these  test  cycles  consisted  of  a  simulated  takeoff  (excluding  the  taxi) 

1  from  0  mph  to  a  liftoff  speed  of  150  mph  at  an  initial  load  of  6650  lbs  which 
decreased  linearly  to  0  lbs  at  liftoff. 

2.  Withstood  91%  (400  psig)  of  the  burst  test  pressure  requirements. 

3.  Successfully  completed  2.65  taxi  miles  (14,000  ft)  at  a  rated  load  of 
6650  lbs  and  a  taxi  speed  of  30  mph. 

4.  Successfully  completed  1500  continuous  miles  at  a  reduced  load  of 
1500  lbs  and  a  taxi  speed  of  30  mph. 

Even  though  these  results  are  considered  significant  achievements  for  a 
cast  thermoplastic,  polyester,  elastomer  tire,  they  fall  far  short  of  the  full 
A-37  main  gear  tire  qualification  due  to  their  inability  to  complete  the 
required  taxi  rolls  at  rated  (6650  lbs)  load  without  incurring  permanent 
structural  damage. 

The  major  shortcomings  of  the  integral  tire  designs  were  the  thermoplastic, 
elastomer  material's  susceptibility  to  material  creep  and  flex  cracking  which 
occurred  during  the  taxi  rolls  at  rated  load  and  at  high  tire  deflection. 

The  major  shortcomings  of  the  rotational  cast  process  were  the  inability 
to  maintain  a  uniform  wall  thickness  around  the  toroidal  cross  section  of  the 
tire  causing  areas  of  high  stress  concentration  and  localized  heating,  pro¬ 
moting  material  creep  during  dynamic  testing,  and  the  inability  to  obtain  a 
proper  material  cure  from  tire  to  tire  (poor  repeatability)  causing  material 
degradation  and  a  loss  of  material  mechanical  properties  in  some  of  the  tires. 
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FOREWORD 

This  report  describes  an  in-house  effort  conducted  by  personnel  of 
the  Mechanical  Branch  (FIEM),  Vehicle  Equipment  Division  (FIE),  Flight 
Dynamics  Laboratory,  Air  Force  Wright  Aeronautical  Laboratories,  Wright- 
Patterson  Air  Force  Base,  Ohio,  under  project  number  2402,  "Mechanical 
Systems  for  Advanced  Military  Flight  Vehicles,"  task  number  240201, 

"High  Performance  Landing  Gear  for  Advanced  Military  Flight  Vehicles," 
work  unit  number  24020118,  "Tire  Ground  Performance  Criteria."  This 
in-house  effort  was  in  support  of  Phase  II  and  Phase  III  cast  tire 
development  work  of  contract  F3361 5-76-C-3062.  This  report  covers  work 
performed  during  the  period  of  September  1977  to  September  1979,  under  the 
direction  of  the  author,  Paul  C.  Ulrich  (AFWAL/FIEM) ,  project  engineer. 

The  report  was  released  by  the  author  in  March  1980.  Previous  results. 
Phase  I,  of  this  contract  are  reported  in  Technical  Report  AFFDL-TR-77-51 , 
which  was  released  in  July  1977. 

The  author  wishes  to  acknowledge  the  various  suggestions  received 
during  this  program  from  Aivars  V.  Petersons  of  the  Flight  Dynamics 
Laboratory  and  Dr.  Howell  K.  Brewer  of  the  Department  of  Transportation. 
The  author  also  acknowledges  the  assistance  contributed  by  Ted  Dull, 
University  of  Cincinnati  (co-op)  student,  R.  W.  Tatsch  and  W.  Maggard  of 
Systems  Research  Laboratories. 
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SECTION  I 
INTRODUCTION 


I .  BACKGROUND 

Annually,  replacement  tires  for  aircraft  ranks  as  a  major  logistics 
cost  item  in  maintaining  landing  gear  systems  on  US  Air  Force  aircraft 
and  the  high  rate  of  tire  replacement  represents  considerable  aircraft 
out-of-service  time. 

The  conventional  aircraft  tire  is  an  extremely  complicated  structure 
made  from  a  variety  of  rubber,  textile,  and  wire  materials  wlv'ch  are 
processed  in  numerous  manufacturing  stages  and  vulcanized  into  a  tire 
shape.  Variations  and  inconsistencies  in  manufacture  are  very 
difficult  to  control  due  to  the  mul ti -component  assembly  and  the  many  hand 
operations  required.  Recently,  developments  in  polymer  chemistry  offer 
the  possibility  of  casting  or  molding  tires  from  high  strength,  high 
molecular  weight  polymers  utilizing  automated  systems.  A  comparison 
of  a  single  component  polyester  elastomer  tire  and  the  mul ti -component 
conventional  tire  is  shown  in  Figure  1.  Several  major  tire  companies 
have  cast/molded  automotive  tires  which  have  passed  laboratory  and 
service  endurance  tests  but  still  require  improvements  in  tread  wear 
and  traction.  It  is  anticipated  that  if  a  cast  carcass/replaceable 
tread  aircraft  tire  can  be  developed,  the  tread  belt  can  be  changed 
without  removing  the  ti re/wheel /brake  assembly  from  the  aircraft,  thus 
reducing  maintenance  costs  and  aircraft  out-of-service  time.  In  addition, 
ninety  percent  of  the  expensive  conventional  tire  building  equipment  can 
be  eliminated  and  human  error  could  be  reduced  through  cast  tire  automation. 
If  a  thermoplastic  polyester  material  is  used  in  the  cast  tire, 
additional  savings  can  be  realized  by  recycling  the  material  after  the 
tire  has  been  removed  from  service,  thus  reducing  the  petroleum 
requirements  of  conventional  tire  building  and  eliminating  conventional 
tire  disposal  problems.  Therefore,  with  the  advantages  and  potential  cost 
savings  offered  by  cast  tires,  the  development  of  cast  tires  for 
military  aircraft  was  pursued. 
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2.  OBJECTIVES 

a.  Overall  Objective 

To  investigate  if  a  cast  carcass  tire  with  01  without 
conventional  rubber  tread  belt  is  a  practical  concept  for  military 
aircraft. 

b.  Specific  Objectives 

(1)  Phase  I 

To  survey  and  evaluate  currently  available  off-the-shelf 
thermoset  and  thermoplastic  materials  for  potential  use  in  cast/molded 
tires  for  military  aircraft. 

(2)  Phase  II 

To  develop,  laboratory  test,  and  evaluate  a  one-piece 
cast  tire  and/or  a  cast  carcass/repl aceable  tread  tire  and/or  a  cast 
carcass/integral  tread  tire  which  can  satisfactorily  meet  the  dynamic 
requirements  of  a  high  performance  military  aircraft  tire. 

(3)  Phase  III 

To  optimize  a  final  prototype  cast  tire  design. 
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SLCTION  II 
SUMMARY 

This  report  describes  work  undertaken  during  Phases  II  and  III  of  a 
three  Phase  program  initiated  with  Zedron  Inc.,  to  establish  the  potential 
of  cast  tires  for  application  to  Air  Force  aircraft.  Phase  I  of  this 
effort  was  a  materials  survey,  the  results  of  which  are  documented  in 
AFFDL-TR-77-51 ,  "Development  of  Cast  Carcass  Tires  for  Military  Aircraft." 
The  current  program  Phases  II  and  III  involved  static,  quasi -stati c ,  and 
dynamic  laboratory  test  and  evaluation  of  thirty  7.00-8  Type  III  cast 
tire  designs.  These  designs  included  tire  carcasses  which  were 
rotational ly  cast/mol ded  from  thermoplastic  polyester  materials  (Hytrels) 
of  various  hardness  with  and  without  reinforcements .  Three  basic  cast 
tire  designs  were  developed  and  evaluated  during  Phase  II  efforts;  the 
one-piece  cast  tire,  the  cast  carcass/replaceable  tread  tire  and  the 
cast  carcass/integral  tread  tire. 

The  development  of  the  one-piece  cast  tire  was  terminated  after 
three  design  iterations  (15  tires)  were  evaluated  due  to  its  shortened 
dynamic  life  caused  by  tread  groove  failures  (areas  of  high  stress 
concentration ) . 

The  development  of  the  cast  carcass/replaceable  tread  tire  was 
terminated  after  two  design  iterations  (10  tires)  were  evaluated 
primarily  due  to  tread  derailment  problems  caused  by  insufficient 
expansion  of  the  carcass  required  to  keep  the  tread  belt  on.  These 
designs,  however,  represent  a  considerable  improvement  over  the  one- 
piece  cast  tire  designs  as  the  tread  groove  failures  (areas  of  high 
stress  concentration)  were  eliminated  by  replacing  the  thermoplastic 
material  with  conventional  tire  materials  in  the  tire  tread. 

The  remainder  of  Phase  II  (Design  Development)  and  all  of  Phase  III 
(Design  Optimization)  involved  the  development,  test,  and  evaluation  of 
the  cast  carcass/integral  tread  tire.  The  integral  tread  tire  is  a 
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rotational ly  cast  thermoplastic  carcass  with  a  conventional  rubber 
compound  (aramid  cord  reinforced)  tread  belt.  Unlike  the  replaceable 
tread  tire,  the  tread  belt  of  the  integral  tire  is  fabricated,  glued, 
and  cured  in  place  on  the  cast  carcass  which  rendered  it  non-repl aceable . 
The  integral  tread  tire  designs  incorporated  the  same  qualities  or 
improvements  as  the  replaceable  tread  tire  but  it  eliminated  the  tread 
derailment  problems  of  the  replaceable  tread  tire. 

Twenty-five  integral  tire  design  iterations  (105)  tires,  some  of 
which  included  glass  reinforcement,  were  tested  and  evaluated  to  the 
A- 37  aircraft  main  gear  tire  specifications.  The  testing  resulted  in 
the  following  significant  achievements: 

•Successfully  completed  one-hundred  A-37  qualification  takeoff  cycles. 
Each  of  these  test  cycles  consisted  of  a  simulated  takeoff  (excluding 
the  taxi)  from  0  mph  to  a  liftoff  speed  of  150  mph  at  an  initial  load 
of  6650  lbs  which  decreased  linearly  to  0  lbs  at  liftoff. 

•Withstood  91"  (400  psig)  of  the  burst  test  pressure  requirements. 

•Successfully  completed  2.65  taxi  miles  (14,000  ft)  at  a  rated  load 
of  6650  lbs  and  a  taxi  speed  of  30  mph. 

•Successfully  completed  1500  continuous  miles  at  a  reduced  load  of 
1500  lbs  and  a  taxi  speed  of  30  mph. 

Even  though  these  results  are  considered  significant  achievements  for 
a  cast  thermoplastic,  polyester,  elastomer  tire,  they  fall  far  short  of 
the  full  A-37  main  gear  tire  qualification  due  to  the  tire's  inability 
to  complete  the  required  taxi  rolls  at  rated  (6650  lbs)  load  without 
incurring  permanent  structural  damage. 

The  major  shortcomings  of  the  integral  tire  designs  were  the  thermo¬ 
plastic,  elastomer  material's  susceptibility  to  material  creep  and  flex 
cracking  which  occurred  during  the  taxi  rolls  at  rated  load  and  at  high 
tire  deflections. 
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The  major  shortcomings  of  the  rotational  cast  process  were  the 
inability  to  maintain  a  uniform  wall  thickness  around  the  toroidal 
cross  section  of  the  tire  causing  areas  of  high  stress  concentration 
and  localized  heating  (promoting  material  creep)  during  dynamic  testing 
and  the  inability  to  obtain  a  proper  material  cure  from  tire  to  tire 
(poor  repeatabi 1 i ty )  causing  material  degradation  and  a  loss  of  material 
mechanical  properties  in  some  of  the  tires. 
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SECTION  III 

DESCRIPTION  OF  TEST  TIRES 

During  the  course  of  this  contract,  three  basic  7.00-8  cast  tire 
design,  were  developed;  the  one-piece  cast  tire,  the  cast  carcass/ 
replaceable  tread  tire,  and  the  cast  carcass/integral  tread  tire  shown 
in  figures  'through  10.  The  conventional  7.00-8/16  PR  bias  tire  is 
shown  in  Figures  II  and  12  for  comparison.  The  aspect  ratio  (section 
he i qht/set  t ion  width)  of  the  low  profile  cast  tire  designs  ranged 
from  0.63  to  0.67.  The  carcasses  of  all  the  tire  designs  were  of  a 
ioritinuous  closed  toroidal  construction  without  textile  cord  reinforce¬ 
ment  or  wire  bead  bundles.  These  tire  carcasses  were  rotational ly 
i .1st /molded  from  a  thermoplastic,  polyester,  elastomer  called  "Hytrel". 
live  "Hytrel"  base  materials  6346,  5556,  5555HS,  5526,  and  4056  were 
evaluated.  A  summary  of  the  various  cast  tire  designs  is  listed  in 
Table  1.  The  hardness  of  the  base  polymer  is  designated  in  shore  "D" 
hardness  by  the  first  two  digits  of  the  identification  number.  For 
example,  base  polymer  6346  had  a  hardness  of  63  shore  "D"  prior  to 
the  addition  of  reinforcement  fillers  or  plasticizers.  The  tread  belt 
adhesives,  and  th *  thermal  cure  cycles  for  the  cast  carcasses  and  tread 
belts  are  listed  in  Table  2.  The  basic  differences  in  the  materials 
were  hardness,  melt  index  values  or  high  temperature  properties.  These 
high  strength,  high  molecular  weight  polymer  systems  consisted  of  a 
plastic  (hard  phase)  and  an  elastomer  (soft  phase).  These  base  polymers 
were  also  modified  by  adding  carbon  black,  plasticizers  such  as  Benzoflex 
and  glass  fillers  such  as  glass  flake,  glass  strand,  and  chopped  glass. 
The  glass  loading  and  the  strand  or  fiber  length  of  the  glass  fillers 
were  varied  to  evaluate  how  the  reinforcement  of  the  hard  phase  and  the 
filler  dispersal  in  the  base  polymer  was  affected.  The  glass  fillers 
were  also  treated  with  various  sizing  agents  such  as  silane  to  improve 
their  adhesion  to  the  polyester  substrate.  The  carbon  black  was  dropped 
in  the  later  designs  since  it  was  added  primarily  for  color  or 
aesthetic  purposes.  Hence,  the  carcasses  of  the  later  designs  appear 
white  instead  of  black. 
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Due  to  the  closed  toroidal  construction  of  the  carcass,  a  rubber  valve 
was  glued  in  the  tire's  sidewall  for  inflation  purposes.  Internal  air 
pressure  leakage  around  the  valve  was  a  problem  in  some  of  the  initial 
designs  but  was  corrected  by  using  a  better  adhesive.  In  the  later 
designs,  a  second  valve  was  added  to  the  opposite  sidewall  in  order  to 
introduce  nitrogen  into  the  tire  cavity  during  the  cure  process  in  order 
to  eliminate  internal  oxidation  and  material  property  degradation.  This 
second  valve  introduced  valve  retention  problems  in  the  last  designs  and 
actually  prevented  some  of  the  last  tires  from  being  tested  as  the 
contract  was  terminated  before  this  deficiency  was  corrected.  It  is  felt 
that  a  mold  rework  on  the  second  valve  providing  a  better  valve  fit 
would  correct  the  problem. 

Reference  1  contains  a  detailed  analysis  of  the  polyester  material 
properties  with  and  without  reinforcements,  the  tire  carcass  and  tread 
manufacturing  process,  the  tread  rubber  formulations,  a  description  of 
the  rotational  cast  equipment,  and  process  and  procedures. 

The  rotational  cast/molding  machine  is  shown  in  Figure  13,  while  a 
mold  spider  loaded  with  tire  molds  entering  the  oven  is  shown  in  Figure  14. 
Figure  15  shows  a  close-up  of  the  one-piece  cast  tire  mold.  The  replace¬ 
able  tread  belts  were  laid  up  on  an  orbitread  building  machine  shown 
in  Figure  16.  A  close-up  of  the  expandable  mandrel  for  the  tread  layup 
is  shown  in  Figure  17.  The  four  ply  tread  belts  were  laid  up  with  two 
circumferential  polyester  belt  plies  +1/2°,  -1/2°  cord  angle,  respectively, 
one  radial  polyester  belt  ply  (89°)  cord  angle,  then  one  circumferential 
polyester  belt  ply  +1/2°  cord  angle,  followed  by  circumferential  high 
strength  aramid  reinforcement  cords  randomly  dispersed  across  the  tread 
section. 

The  tread  belt  of  the  cast  carcass/integral  tread  tire  was  laid  up, 
glued,  and  cured  in  place  on  the  cast  carcass  rather  than  on  the  orbitread 
unit.  The  tread  belt  was  reinforced  by  circumferential  high  strength 
aramid  cords  randomly  dispersed  in  the  upper  tread  area.  This  tire 
design  evolved  from  the  two  previous  designs  and  eliminated  the  tread 
derailment  problems  of  the  replaceable  tread  tire,  and  the  groove  cracking 
of  the  one-piece  cast  tire. 
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SECTION  IV 
TEST  EQUIPMENT 

The  laboratory  tire  tests  were  conducted  in  the  Flight  Dynamics 
Laboratory  Landing  Gear  Development  Facility  using  the  flat  surfaced 
Tire  Force  Machine  (TFM),  the  120  inch  programmable  dynamometer,  and 
the  84  inch  conventional  dynamometer. 

1.  TIRE  FORCE  MACHINE  (TFM) 

The  TFM  was  used  for  the  quasi-static  and  some  of  the  static  mechanical 
tire  property  measurements  recorded  while  under  aircraft  wheel  loads  with 
combined  steering  on  a  flat  surface.  The  force  measuring  system  consists 
of  six  load  cells  (3  vertical,  2  fore-aft  and  1  lateral)  instrumented  to 
measure  all  six  force  and  moment  components  developed  by  the  tires.  The 
machine  is  designed  to  permit  low  speed  tests  at  yaw  angles  between  +90 
degrees  (this  +90  degrees  position  was  used  for  the  lateral  stiffness 
tests)  and  any  desired  value  of  longitudinal  slip. 

A  Houston  Instrument  Omnigraphic  (X-Y  plotter)  recorder  was  used  in 
the  load-deflection  tests.  A  Gould  Brush  (8  channel  strip  chart)  recorder 
was  used  in  the  lateral  force  and  aligning  torque  tests. 

2.  120  INCH  PROGRAMMABLE  DYNAMOMETER 

This  dynamometer,  incorporating  a  force  measuring  system  similar  to 
the  TFM,  has  the  capability  of  programmable  yaw,  camber,  radial  load,  wheel 
velocity,  wheel  acceleration,  and  sink  rate.  The  taxi  takeoff  cycles, 
takeoff  only  cycles,  taxi  rolls,  and  cambered  taxi  rolls  were  conducted 
on  the  120  inch  dynamometer. 

3.  84  INCH  CONVENTIONAL  DYNAMOMETER 

The  84  inch  dynamometer  is  used  for  taxi  takeoff  cycles  and  high  speed 
brake  stops  controlled  by  an  electro-mechanical  servo  system.  Some  of  the 
static  measurements  and  taxi  rolls  were  conducted  on  the  84  inch  dynamometer. 

Descriptions  and  capabilities  of  the  TFM,  the  120  inch,  and  84  inch 
dynamometers  are  listed  in  the  Flight  Dynamics  Laboratory  Landing  Gear 
Development  Facility  Brochure. 
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SECTION  V 

TEST  REQUIREMENTS  AND  PROCEDURES 


1.  STATIC  TESTS 

a.  Dimensional  and  Physical  Data 

The  cast  tires  were  mounted  on  a  7.00-8  production  aircraft  wheel 
which  has  a  9.624  inch  flange  diameter,  8.0  inch  bead  seat  diameter,  and 
a  5.5  inch  width  between  flanges.  The  wheel  contours  and  dimensions  are 
shown  in  Table  3.  After  mounting  the  tires,  the  outside  diameter  (0D) 
and  the  cross  section  (CS)  of  the  tires  were  measured  and  recorded  at 
? i j  psig  intervals  from  0  psig  to  160  psig  inflation  pressures  to  check 
tat  i<.  growth  properties. 

!'•  addition,  one  tire  of  each  cast  tire  design  was  inflated  to 
ra*ed  inflating  'pressure  (125  psig)  and  monitored  continuously  for  60 
hm. f  .  t f i  '  he<  I  for-  material  porosity  and  material  permeability. 

р.  i"iens iona  1  Stability  Data 

m *  tire  of  each  cast  tire  design  was  inflated  and  regulated 
to  rated  in  latino  pressure  (125  psig)  and  the  0D  and  CS  were  recorded 
con t  i nun  j ,  I ,  ,:,i  6iJ  hours  to  check  the  dimensional  stability  of  the  tires. 

с.  lire  Contact  Area 

The  contact  area  prints  (footprints)  were  obtained  for  each  cast 
tire  design  when  loaded  against  a  flat  surface  at  rated  load  (6650  lbs), 

60  rated  load  (1990  lbs),  and  rated  pressure  (125  psig).  The  gross 
contact  area  of  the  tire  footprint  was  measured  and  is  defined  as  the 
total  area  of  the  print  including  the  tread  ribs  and  the  spaces  (tread 
grooves)  between  the  tread  ribs.  The  net  area  of  the  print  was  also 
measured  and  is  the  summation  of  the  individual  tread  rib  (dark)  areas 
where  tread  material  contacts  the  flat  surface. 

d.  Vertical  Load  Vs  Deflection  Data 

Vertical  load  vs  vertical  deflection  curves  were  obtained  on  each 
tire  design  when  loaded  on  a  flat  surface  at  rated  inflation  pressure. 

In  addition,  vertical  load  vs  vertical  deflection  loops  were  obtained  on 
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,  i )'!  If  1 1 1  tne  fire  It*-  Hjit  .  i! !  infl.it  1.  M  lift-'',  s  IJ  .*f  '-tit,  I  Ah ,  .lfn|  |i,(j  jc  iq 
Ail  vert  i  t..i  1  lo. ni  v-  v<  ■  r  t  i  <  a 1  do  t  lt*t. t  i  on  t.ur  ,  md  1  orif  1  ,  were  oh 1  a  i  ru-d 
at  a  definition  rate  of  AD  inches  per  minute.  1 1 r ■  >  spring  rate,  .nr! 
energy  loss  due  to  hysteresis  were  calculated. 

e.  Lateral  load  Vs  Deflection  Data 

Lateral  load  vs  lateral  deflection  loops  were  obtained  un  the 
tunes  ten  carbide  surface  on  the  tin-  force  machine  at  vertical  load-,  of 
6300  and  hfibi  lb-,  and  at.  rated  inflation  pressure  of  1A5  psiq.  The 
lateral  load  deflection  tests  were  conducted  by  determininq  the  lateral 
load  required  to  produce  100  slip  and  then  obtaininq  the  lateral  load 
deflection  loops  at  a  deflect  on  rate  of  20  inches  per  minute  until 
+00  of  the  lateral  slip  load  was  achieved.  Lateral  stiffness  was 
calculated  fro:  •  hr  lateral  load  deflection  ;  urve-.  b  ,■  two  diffoi.-nt 
methods.  The  first  method  involved  taking  the  dope  of  a  straight  line 
of  the  load  deflection  curve  from  the  origin  to  the  tip  of  the-  loop.  The 
second  method  used  a  straiqht  line  between  the  loop  ends  to  estalilish  the 
slope  or  stiffness. 

f.  Fore-Aft  Load  Vs  Deflection  Data 

Fore-aft  load  vs  fore-aft  deflection  loops  were  to  be  obtained 
on  the  tungsten  carbide  surface  of  the  tire  force  machine  at  vertical 
loads  of  6300,  6650,  and  7000  lbs,  and  at  a  rated  inflation  pressure  of 
125  psiq.  The  fore-aft  load  deflection  tests  were  conducted  by  determining 
the  fore-aft  load  required  to  produce  100'  slip  and  then  obtaininq  the 
forp-aft  load  deflection  loops  at  a  deflection  rate  of  10  inches  per 
minute  until  +00  of  the  fore-aft  slip  load  was  achieved.  The  same  two 
methods  used  to  calculate  lateral  stiffness  were  also  to  be  used  to  deter¬ 
mine  fore-aft  stiffness. 

q.  Burst  Test  Data 

One  cast  tire  of  each  design  was  to  tie  inflated  at  an  inflation 
rate  of  approximately  30  psiq  per  minute  until  the  minimum  burst  pressure 
of  441  psiq  was  reached  and  maintained  for  a  minimum  of  ten  seconds. 
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3.  QUASI-STATIC  (LOW  SPEED)  FLAT  SURFACE  TLSTS 
d.  Lateral  Force  Data 

Lateral  force  data  was  obtained  on  the  dry  and  wet  (1/2  inch 
water)  tungsten  carbide  surface  of  the  low  speed  (0.17  mph)  tire  force 
machine  at  vertical  loads  of  6300,  6650,  and  7000  lbs,  at  a  rated 
inflation  pressure  of  125  psiy,  and  at  slip  angles  of  +2“,  +  4",  +  6J,  +8', 

+  10r’,  and  +12  . 

b.  Aligning  Torque  Oata 

Aligning  torque  data  was  obtained  on  the  dry  and  wet  (1/2  inch 
water)  tungsten  carbide  surface  of  the  low  speed  (0.17  mph)  tire  force 
machine  at  vertical  loads  of  6300,  6650,  and  7000  lbs,  at  a  rated  inflation 
pressure  of  125  psig,  and  at  slip  angles  of  +2°,  +4",  +6°,  +8°,  +10°,  and 
+  12". 

3.  DYNAMIC  (HIGH  SPEED)  DYNAMOMETER  TESTS 

The  following  is  taken  from  USAF  Drawing  Specification  67 J 1 95 l : 

a.  The  tire  shall  withstand  100  cycles  of  (1)  and  (2)  and  50  cycles 
of  (3)  without  evidence  of  failure. 

(1)  Taxi  Takeoff  Maximum  Load  -  The  tire  shall  be  taxied  on  the 
flywheel  for  14,000  feet  at  30  mph  and  at  a  load  of  6650  pounds.  Stop  the 
flywheel,  keeping  the  tire  fully  loaded.  Then  accelerate  the  flywheel 
(simulating  takeoff)  at  a  rate  of  10  ft/sec/sec  to  a  speed  of  150  mph. 

The  tire  shall  be  unlanded  after  a  roll  distance  of  2420  feet  is  reached. 

The  load  of  6650  pounds  shall  be  maintained  for  5  seconds  at  which  time 
the  load  shall  be  decreased  linearly  with  time  to  0  load  at  approximately 
22  seconds  after  the  start  of  takeoff  at  which  time  the  tire  shall  be 
unlanded. 

(2)  Low  Speed  Mf 1 -SPEC  Landing  -  A  test  cycle  identical  to  the 
low  speed  (90  -  0  mph)  dynamic  test  described  in  military  specification 
MIL-T-5041  calculated  for  a  tire  load  of  6650  pounds  shall  be  conducted. 

(3)  Combined  Radial-Side  Load  Roll  Test  -  The  radial  load  shall  be 
6700  pounds;  the  side  load  acting  inboard  shall  be  1500  pounds.  The  tire 
shall  be  rolled  1500  feet  each  cycle  at  20  mph.  This  test  may  be  conducted 
by  camber  or  yaw  conditions. 
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SECTION  VI 

TEST  RESULTS  AND  DISCUSSION 

1.  STATIC  TESTS 

a.  Dimensional  and  Physical  Data 

Dimensional  growth  in  the  tire's  OD  and  CS  width  due  to  increases 
in  inflation  pressure  for  the  one-piece,  two-piece,  and  the  integral  cast 
tire  are  plotted  and  compared  to  the  baseline  bias  tire  in  Figures  18, 

1 9 ,  and  20 . 

Unlike  the  baseline  bias  tire,  the  cast  tire  designs  exhibited  a 
much  more  linear  growth  in  OD.  The  overall  growth  of  the  one-piece  cast 
tire  in  OD  over  the  inflation  pressure  range  of  0  -  150  psig  was  less 
than  the  baseline  bias  tire  for  two  of  the  designs  and  slightly  greater 
for  the  third  design.  The  growth  in  cross  section  width  of  all  three 
one-piece  cast  tire  designs  was  roughly  equivalent  and  the  curves  were 
characteristically  similar  to  the  baseline  bias  tire. 

Both  the  two-piece  and  integral  cast  tire  designs  exhibited 
considerably  less  growth  in  OD  and  slightly  greater  growth  in  CS  than 
the  basel ine  bias  ti re. 

A  summary  of  the  various  cast  tire  designs,  carcass  weights, 
tread  belt  weights,  outside  diameter,  and  section  width  dimensional  data 
is  1 isted  in  Table  1 . 

Since  the  primary  objective  of  this  effort  was  to  investigate  if 
the  cast  tire  concept  is  a  viable  concept  (structurally  capable)  for 
high  performance  military  aircraft  tires,  minimal  effort  was  expended 
to  optimize  the  total  tire  weight  or  maintain  the  tire's  dimensional 
envelope  in  accordance  with  the  military  specifications.  Hence,  many 
of  the  designs  exceeded  the  24  pound  maximum  allowable  tire  weight  and 
the  maximum  OD  and  CS  dimensions  of  20.85  inches  and  7.3  inches, 
respecti vely . 
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h.  Dimens  ioMd  I  Stabi  lily  bat  .1 

The  d  i  mensi  011a  1  stability  in  Hip  Oil  and  of  Hie  v  .niouy  cast 
tim  designs  worn  measured.  recorded,  plotted,  and  .inured  t.o  the 
I'd  so  I  ill!-*  bids  tire  ill  I  i  jijres  2  i  ,  ',  anil  1.  !  *>  i  s  1  iliien:,  i  mia  1  'lata  was 

obtained  with  the  tires  inflated  to  126  o.i  :  i-h  l.p  ion  pressor*  md 
monitored  for  00  hours.  I  he  dimension.)  i  stability  of  all  the  east  fire 
designs  under  static  inflation  was  belter  than  the  baseline  oias  tire. 

F tie  two  integral  east,  tire  design  growth  curves  presented  are  typical  of 
al i  tne  integral  east  tire  de  .  i  m  Ihc  set-up  for  the  dimensional  tests 
is  shown  in  Figures  .4  and  . 

c.  Tire  Contai.t  Ar'»,i  (Footprint  Data) 

Tire  contact  area  prints  were  obtained  for  the  baseline  bias 
tire  and  all  tiu-  cast  tire  designs  at  rated  inflation  pressure  (12b  psig) 
wr.iie  loaded  on  a  flat  surface  at  rated  load  (6660  lbs )  and  at  60  rated 
ioad  ( ad  90  lbs).  The  ma/.imun.  footprint  length  and  width  were  measured 
and  listed  in  Table  4.  The  gross  and  net  contact  areas  of  the  footprints 
are  listed  in  Table  4  and  plotted  in  Figures  26,  27,  28,  and  29.  The 
40  "D"  Hytrel  material  integral  cast  tire  designs  came  very  close  to 
matching  the  gross  and  net  contact  areas  of  the  baseline  bias  tires 
whereas  the  remaining  integral  cast  tire  designs  ranged  from  7  to  36 
less  than  the  baseline  bias  tire.  The  one-piece  cast  tire  designs 
ranged  from  30  to  60  less  in  gross  and  net  contact  area  while  the 
two-piece  cast  tire  designs  ranged  from  10  to  30  less  in  gross  and  net 
contact  areas  of  the  baseline  bias  tire.  All  of  the  contact  area  prints 
are  presented  in  Appendix  C. 

d.  Vertical  (Radial)  Load  Vs  Vertical  Deflection  Data 

Vertical  load  vs  vertical  deflection  loops  were  obtained  up  to  a 
radial  load  of  7000  lbs  on  a  flat  plate.  Tire  vertical  spring  rates  and 
energy  loss  due  to  hysteresis  are  listed  in  Table  5.  A  plot  of  vertical 
load  vs  vertical  deflection  at  125  psig  inflation  pressure  comparing  the 
relative  vertical  stiffness  of  the  various  cast  tire  designs  with  that  of 
the  baseline  tire  is  presented  in  Ngure  30.  The  vertical  stiffness  of 
most  of  the  cast  tire  designs  averaged  approximately  40  greater  than 
the  baseline  bias  t.ire  and  ranged  from  16  below  to  70  above  the  baseline 
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value.  Many  ot  the  i.ust  tin.'  de.iqns  on  it)  i  fed  lower  riiciiiy  loss  duo  to 
vertii.al  loud  t.hun  the  baseline  bins  *ice.  Ibis  fat. t  plus  the  general  1/ 
tired  ter  vertical  stiffness  resultin'!  in  lower  Lire  deflections  of  the  Cdst 
tires  offer  some  explanation  as  to  wiiy  the  cast  tires  ran  cooler  during 
dynamic  testing,  typical  vertical  load  vs  vertical  deflection  loops  are 
presented  in  figures  31  through  42.  Vertical  deflection  vs  vertical 
load  curves  were  also  obtained  at  three  inflation  pressures  (90,  125, 
and  160  psiy),  at  a  rate  of  deflection  of  20  inches  per  minute  up  to  a 
load  of  7000  lbs  on  a  flat  surface,  and  on  the  (curved  surface)  84  inch 
diameter  dynamometer.  These  plots  are  presented  in  Appendix  D. 

e.  Lateral  (bide)  Load  Vs  Lateral  Deflection  Data 

Lateral  load  vs  lateral  deflection  loops  were  obtained  on  the 
tungsten  carbide  surface  of  the  tire  force  machine.  Lateral  load  vs 
lateral  deflection  plots  at  vertical  loads  of  6650  lbs  and  6300  lbs 
are  shown  in  Figures  43  through  51  and  52  through  60,  respectively.  The 
tire  lateral  spring  rates  (lateral  stiffness)  and  energy  loss  due  to 
hysteresis  are  listed  in  Table  6.  The  lateral  stiffness  of  the  integral 
cast  tire  designs  ranged  from  15  below  to  15  above  the  baseline  bias  tire 
value.  The  lateral  energy  loss  of  the  integral  cast  tire  designs  ranged 
from  19  below  to  22  above  the  baseline  bias  tire  value.  The  effective 
coefficient  of  friction  obtained  during  the  lateral  load  deflection 
tests  of  the  integral  cast  tires  ranged  from  3.  to  18  lower  than  the 
baseline  bias  tire.  The  test  set  up  for  the  lateral  load  deflection 
tests  on  the  tire  force  machine  prior  to  loading  the  tire  is  shown  in 
Figure  61.  One  of  the  one-piece  cast  tires  (Design  3)  was  loaded 
laterally  to  its  structural  limit  and  failed  catastrophically  (Figures  62 
and  63)  at  a  lateral  load  of  7000  lbs. 

f.  Fore-Aft  Load  Vs  Fore-Aft  Deflection  Data 

Fore-aft  load  vs  fore-aft  deflection  tests  were  set  up  on  the 
tire  force  machine.  Brake  torque  was  applied  to  the  tire  through  use  of 
the  TFM  brake  shown  in  Figure  64.  The  fore-aft  load  deflection  tests 
were  terminated  due  to  slip  at  the  tire/wheel  interface.  As  much  as  one 
inch  of  circumferential  slip  occurred  at  1000  ft-lbs  of  brake  torque.  This 
slippage  problem  would  have  to  be  addressed  in  later  designs  prior  to 
dynamic  brake  qualification  tests. 
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g.  Burst  Test  Data 

Static  burst  tests  were  to  be  conducted  on  all  cast ^ti re 
designs.  The  results  of  the  burst  tests  are  tabulated  in  Table  7  and 
plotted  in  Figures  65  and  66.  None  of  the  cast  tire  designs  passed  the 
minimum  burst  test  requirement  at  the  30  psig  per  minute  inflation  rate 
even  thouqh  some  of  the  designs  reached  91%  of  the  minimum  requirement. 

In  order  to  check  the  effect  of  inflation  rate  and  material  creep  due 
to  internal  inflation,  a  second  integral  cast  tire  of  the  S/N  B088HX 
(Design  8)  series  was  inflated  to  465  psig  in  30  seconds  (high  inflation 
rate)  and  maintained  at  this  pressure.  It  failed  catastrophically  in 
approximately  56  seconds.  Since  this  tire  withstood  the  minimum 
required  burst  test  pressure  for  10  seconds,  it  essentially  passed  the 
burst  test  requirement.  This  burst  test  requirement,  however,  has 
shortcomings  and  is  inadequate  for  evaluating  polyester  elastomer  tires 
which  are  susceptible  to  plastic  deformation  and  material  creep.  Typical 
failures  which  occurred  during  the  burst  tests  of  the  various  designs  are 
shown  in  Figures  67  through  76.  All  the  burst  test  failures  showed 
some  evidence  of  material  creep.  The  creep  initiated  in  areas  of  high 
stress  concentration,  e.g.,  the  tread  grooves  of  the  one-piece  cast 
tire,  or  in  the  beads,  which  along  with  the  tread  grooves  were  usually 
the  thinnest  wall  section.  There  was  also  evidence  of  creep  in  the 
shoulder  areas  at  the  edge  of  the  tread  belt  and  in  the  crown  under  the 
tread  belt  at  locations  where  the  tread  belt  was  yielding  prior  to  belt 
f a i  1  u  re . 


The  brittle  failures  normally  occurred  in  the  harder  base  polymer 
materials  or  in  those  designs  with  glass  reinforcement.  The  brittle 
failures  (cracking)  probably  initiated  at  sites  of  material  imperfections 
(improper  material  cure)  or  most  likely  at  thinned  sections  (material 
creep  of  the  soft  phase)  or  at  locations  of  shock  loading  (tread  belt 
fai 1 ures ) . 

The  design  with  the  highest  burst  pressure  was  the  5556  material, 
Design  21  (Table  1)  with  the  number  21  thermal  cure  cycle  (Table  2).  This 
design  had  no  carcass  reinforcement  (glass),  a  carcass  weight  of  17  pounds, 
and  a  tread  belt  weight  of  10  pounds.  The  reason  glass  reinforcement  was 
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not  tried  with  the  5556  material  was  the  inability  of  the  contractor  to 
obtain  good  glass  dispersion  in  the  base  polymer  during  earlier  sample 
tests. 


The  parameters  which  tended  to  affect  the  burst  pressure  were 
the  shore  "D"  hardness  of  the  base  polymer,  the  material  thermal  cure,  the 
tread  belt  weight  and  reinforcement  or  number  of  belts  and  aramid  cords 
per  square  inch  (end  count),  the  carcass  weight  (amount  of  polymer  used  or 
carcass  thickness),  and  glass  reinforcement  in  the  base  polymer.  The 
proper  balance  of  carcass  weight  (thickness),  thermal  cure,  glass 
reinforcement  of  the  carcass,  tread  belt  weight,  and  belt  reinforcement 
produced  significant  increases  in  burst  pressure  of  the  various  designs. 

The  addition  of  the  plasticizer,  Ben2oflex,  decreased  the  burst  pressure  of 
a  design,  while  the  addition  of  carbon  black  had  little  or  no  effect  on 
the  burst  pressure  through  reinforcement  of  the  soft  phase  of  the  rubber/ 
plastic  matrix  of  the  polyester  polymer.  The  addition  of  glass  flake  or 
chopped  glass  strand  did  not  significantly  affect  the  burst  strength  of 
the  designs. 

2.  QUASI-STATIC  (LOW  SPEED)  FLAT  SURFACE  TESTS 
a.  Lateral  Force  Data 

Lateral  force  data  was  obtained  on  the  dry  and  wet  tungsten 
carbide  surface  of  the  tire  force  machine  at  three  vertical  loads  and  at 
rated  inflation  pressure.  The  test  set  up  on  the  tire  force  machine  is 
shown  in  Figures  77  and  78.  Carpet  plots  of  lateral  force  vs  positive 
slip  angle  for  three  vertical  loads  are  presented  in  Figures  79  through 
97  and  listed  in  Table  8  which  compares  the  various  cast  designs  with 
the  baseline  bias  tire. 

During  the  dry  surface  tests,  the  one-piece  cast  tire  developed 
lateral  forces  approximately  40%  greater  than  the  baseline  bias  tire, 
whereas  the  two-piece  cast  tire  developed  lateral  forces  up  to  7%  greater 
than  the  baseline  tire.  The  majority  of  the  integral  cast  tire  designs 
developed  lateral  forces  which  ranged  from  1%  to  17%  greater  than  the 
baseline  bias  tire.  Three  of  the  designs  tested,  however,  developed 
less  lateral  force  than  the  baseline  tire. 
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Under  we!  Siid, Hi-  i  omt  i  ‘  i  mis  ,  tin-  1 1  i  a  s  tire  exhibited  a  slight 
decrease  in  Iciter.il  force  dt  .ill  slip  armies  (figure  05).  doth  the  one- 
piece  end  two  ;■  let  e  i.ist  tire  exhibited  .i  slight,  decrease  in  ttie  lateral 
force  at  snail  lip  mqU-s  bat  exliibited  (.  nil  s  i  tte  rati  I  e  degradation  in 
developed  later.il  tone  jt  slip  a  n  ■  1 1  *  ■  s  greater  than  6'  shown  in 
f  i  '■  j u  res  %  and  ) /  . 

[) .  Align  uni  lorgue  Data 

Aligning  torque  data  was  obtained  ori  the  dry  and  wet  tungsten 
carbide  surface  of  the  tire  force  machine  at  three  vertical  loads  and  at 
rated  inflation  pressure.  Carpet  plots  of  aligning  torque  vs  positive 
slip  angle  for  the  three  vertical  loads  are  presented  in  Figures  98 
through  lie  and  listed  m  fable  9  comparing  the  various  cast  tire  designs 
with  the  baseline  bias  tire. 

I  he  results  of  the  dry  surface  tests  showed  that  the  one-piece 
and  two-piece  cast  tires  developed  greater  aligning  torque  than  the  bias 
tire  at  slip  angles  less  than  4  ,  while  all  the  integral  cast  tire 
designs  developed  much  less  aligning  torque  than  the  baseline  tire  at 
al 1  s  1  i p  angles . 

The  wet  surface  tests  showed  a  degradation  in  aligning  torque 
for  the  baseline  bias  tire  at  slip  angles  greater  than  6"  (Figure  114). 

Both  the  one-piece  and  two-piece  cast  tires  exhibited  considerable 
degradation  in  aligning  torque  at  all  slip  angles  as  shown  in 
Figures  I  lb  and  1 16. 

j.  DYNAMIC  (HIGH  SPEED)  DYNAMOMETER  TESTS 

The  results  of  the  dynamometer  tests  for  the  various  cast  tire 
designs  are  tabulated  in  Table  10.  It  quickly  became  apparent  that  the 
most  difficult  phase  of  the  A - 3 7  main  gear  tire  dynamic  qual i fication  tests 
was  the  7.65  mile  taxi  rolls  prior  to  each  of  the  100  takeoff  cycles 
which  required  the  tire  to  roll  long  distances  at  rated  load  (6650  lbs). 
Consequently,  the  7.65  mile  (14,000  ft)  taxi  roll  was  used  as  a  relative 
gauge  of  merit  for  the  various  cast  tire  designs.  The  primary  modes  of 
failure  during  the  taxi  roll  of  the  cast  tire  designs  using  the  softer 
and  more  flexible  polymer  matrix  was  permanent  set  occurring  through 
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localized  heating  in  high  stress  concentration  areas  causing  material 
creep  and  section  thinning.  Even  though  continuous  contained  air 
tempera tun_s  or  surface  temperatures  could  not  be  obtained  on  the  cast 
tires,  the  results  of  periodic  temperature  measurements  indicate 
that  the  cast  tires  ran  much  cooler  than  the  bias  tire.  It  is  estimated 
that  the  cast  tire  contained  air  temperature  never  exceeded  150°F  during 
the  taxi  tests.  The  tire  designs  which  used  the  harder  polymer  or  the 
softer  polymer  reinforced  with  glass  tended  to  be  brittle  with  a  low 
resistance  to  flex  cracking  and  subsequently  failed  due  to  a  combination 
of  fatigue  cracking  of  the  hard  phase  and  material  creep  of  the  soft  phase 
of  the  polymer  matrix.  The  brittle  failures  (cracking)  probably 
initiated  at  sites  of  material  imperfections  (improper  material  cure) 
or  most  likely  at  thinned  sections  or  locations  of  shock  loading  (tread 
belt  failure).  The  areas  of  high  stress  concentration  were  in  the  tread 
grooves  and  bead  areas  of  the  tire  and  at  the  shoulders  along  the  edge 
of  the  tread  belt. 

The  development  of  the  one-piece  cast  tire  was  terminated  after 
three  design  iterations  (15  tires)  were  evaluated  due  to  tread  groove 
failures  (areas  of  high  stress  concentration)  as  shown  in  Figures  117 
and  118.  The  use  of  the  base  polymer  6346  was  halted  due  to  its  poor 
resistance  to  flex  cracking. 

The  development  of  the  cast  carcass/replaceable  tread  tire  was 
terminated  after  two  design  iterations  (10  tires)  were  evaluated  due  to 
tread  derailment  problems  as  shown  in  Figure  119.  The  probable  cause  of 
the  tread  derailment  problems  was  the  inability  to  obtain  sufficient 
expansion  in  outside  diameter  of  the  cast  polyester  elastomer  carcass 
to  provide  an  adequate  fit  between  the  tread  belt  and  carcass.  These 
designs,  however,  represented  a  considerable  improvement  over  the 
one-piece  cast  tire  designs  as  the  tread  groove  failures  (areas  of  high 
stress  concentration)  were  eliminated.  In  addition  to  the  tread 
derailment  problems,  the  two-piece  replaceable  tread  tires  failed  in  the 
bead  areas  due  to  section  thinning  or  material  creep  (shown  in 
Figure  120)  and  fatigue  or  flex  cracking  as  shown  in  Figure  121.  The 
stress  concentration  in  the  bead  areas  in  the  early  designs  were 
magnified  by  the  sharp  bead  radius  which  existed  in  the  7.00-8  aircraft 
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wheel  and  in  the  cast  tire  mold.  In  order  to  reduce  the  stress  concentration 
in  the  bead  area  without  modifying  the  wheel,  a  set  of  aluminum  bead  rings 
with  a  larger  bead  radius  was  manufactured  to  fit  the  bead  area  of  the 
wheel.  The  tire  mold  was  then  modified  to  fit  the  aluminum  bead  rings. 

This  modification  significantly  reduced  the  stress  concentration  in  the 
bead  area  of  the  later  designs  but  the  problem  was  not  completely 
eliminated.  The  change  in  the  bead  radius  contour  can  be  seen  by 
comparing  Figures  7  and  10. 

Two  major  problems  with  the  rotational  mold  process  itself  or  the 
contractors  technique  surfaced  early  in  the  program  and  hindered  the 
development  of  a  successful  cast  tire  throughout  the  effort.  These  were 
the  inability  to  maintain  a  uniform  wall  thickness  around  the  toroidal 
cross  section  (an  exaggerated  case  shown  in  Figure  120)  and  the 
inability  to  obtain  a  proper  material  cure  from  tire  to  tire  (poor 
repeatability) . 

The  non-uniform  wall  thickness  around  the  toroid  inherently 
caused  areas  of  high  stress  concentration  and  localized  heating 
(promoting  creep)  during  dynamic  testing.  An  improper  material  thermal 
cure  (Figure  122)  caused  material  degradation,  a  loss  of  material 
mechanical  properties  and  provided  failure  initiation  sites. 

The  integral  cast  tire  design  with  the  best  taxi  performance  was 
series  number  B088J(X)  (Design  10)  which  successfully  completed  one 
complete  taxi  roll  of  2.65  miles  at  a  constant  load  of  6650  lbs  and  a 
test  inflation  pressure  of  134  psig.  This  design  used  unmodified  5556 
material  with  no  glass  reinforcement,  a  carcass  weight  of  17.5  pounds, 
and  a  tread  belt  weight  of  7.5  pounds.  The  thermal  cure  used  is  listed 
as  number  10  in  Table  2.  This  tire  failed  due  to  material  creep  in  the 
shoulder  area  at  the  belt  edge  during  the  second  2.65  mile  taxi  roll 
after  0.3  additional  miles. 

Several  other  designs  exceeded  one  mile  of  taxi  roll  before 
failure  occurred  as  indicated  in  Table  10.  The  integral  tire  designs 
using  the  softer  polymers  failed  due  to  section  thinning  or  material 
creep  in  the  shoulder  areas  at  the  edge  of  the  tread  belt  or  in  the 


AFWAL - TR-80-  3055 


bead  radius  area.  Typical  examples  of  these  failures  are  shown  in 
Figures  123  through  129.  The  integral  tire  designs  using  the  harder 
polymers  and  glass  reinforced  polymers  failed  due  to  fatigue  (flex 
cracking)  of  the  hard  phase  and  material  creep  of  the  soft  phase  in 
the  sidewall,  shoulder,  and  bead  areas.  Typical  examples  of  these 
failures  are  shown  in  Figures  130  through  134. 

To  assess  the  high  speed  takeoff  capabilities  of  the  integral 
tires,  a  tire  of  the  B068C(X)  series  (Design  6)  which  did  not  perform 
that  well  during  the  taxi  roll  tests  (failure  at  0.37  miles),  was  subjected 
to  the  A- 3 7  main  gear  tire  takeoff  profile  (0  -  1 bO  mph)  with  an 
initial  load  of  6650  lbs  which  decreased  linearly  to  0  lbs  at  lift  off. 

The  tire  is  shown  in  Figure  136  after  successfully  completing  20  takeoff 
cycles.  The  tire  successfully  completed  100  takeoff  cycles  and  sub¬ 
sequently  failed  in  the  shoulder  area  (shown  in  Figure  136)  during  the 
first  taxi  test  after  0.2  roll  miles. 

During  several  design  iterations,  the  cast  tire  mold  in  the  shoulder 
area  was  remachined  to  relieve  the  stress  concentration  in  the  cast  tire 
carcass  at  the  edge  of  the  tread  belt.  This  rework  of  the  tire  mold  was 
successful  in  reducing  the  stress  concentration  in  the  shoulder  area  but 
it  did  not  completely  eliminate  failures  in  the  shoulder  area. 

Tire  slippage  at  the  tire/wheel  interface  (bead  area)  was  a  problem 
during  one  taxi  test.  Approximately  3.5  inches  of  circumferential  slip 
(shown  in  Figure  137)  was  measured  after  the  dynamic  taxi  test  of  the 
B068C(X)  series  tire  (Design  6). 

In  order  to  check  the  effect  of  the  tire  load  on  taxi  endurance  life 
of  a  cast  tire,  three  tires  of  the  BOBS T ( X )  series  (Design  9)  and  two 
tires  of  the  B088J(X)  series  (Design  10)  were  tested  at  different  loads. 

The  results  of  these  tests  (Table  11)  show  the  B088 I ( X )  series  tire 
tested  at  1500  lbs  load  rolled  1500  continuous  miles  before  failure 
occurred.  These  results  indicate  the  order  of  magnitude  that  load  affects 
the  cast  tire  life. 
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To  check  the  effect  of  tire  inflation  pressure  on  taxi  endurance 
life,  the  inflation  pressure  was  varied  on  three  tires  of  two  different 
design  series.  The  results  of  these  tests  (shown  in  Table  12) 
indicate  that  changes  in  inflation  pressure  of  this  magnitude  do  not 
affect  the  taxi  endurance  life  of  cast  tires.  -In  one  case,  both  the 
inflation  pressure  and  test  load  were  reduced  considerably.  The 
endurance  life  of  this  tire  was  extended  significantly  but  it  is  felt 
that  the  load  reduction  was  the  primary  reason  for  t fie  extended  tire  life. 

In  an  attempt  to  reduce  material  oxidation  which  occurred  inside  the 
cast  tires  during  their  thermal  cure  cycle,  nitrogen  was  pumped  into  the 
tire  cavity  during  the  thermal  cure  cycle  at  l.S  psig  pressure.  This 
procedure  appeared  to  reduce  the  internal  material  oxidation  but  the  early 
termination  of  the  contract  did  not  allow  sufficient  development  and 
evaluation  time. 

[ a r 1 y  in  the  last  year  of  the  three  year  program,  the  contractor 
experienced  i nsurmountable  financial  difficulties  in  other  areas  of  the 
company  and  they  were  forced  to  prematurely  terminate  the  Air  Force  cast 
tire  contract.  With  the  contract  duration  time  considerably  shortened, 
the  probability  of  developing  a  successful  integral  cast  tire  design 
for  use  on  military  aircraft  was  significantly  reduced.  I ven  so, 
considerable  achievements  were  accomplished  even  though  tney  fell  far 
short  of  the  original  expectations. 
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SLCTION  VII 
CONCLUSIONS 

The  results  of  the  Phase  II  and  Phase  III  static,  quasi-static  and 
dynamic  te.ting  of  the  various  cast  tire  designs  has  led  to  the  following 
(  one  I  us i ons  : 

1.  The  off-the-shelf  materials  tested  in  this  program  with  and 
without  glass  reinforcement  proved  to  be  inadequate  for  use  as  a  viable 
cast  tire  materia!  for  the  A- 37  military  aircraft. 

I  he  integral  act  tire  proved  to  be  the  best  tire  design  for 
quick  or  snort  term  cast  tire  success  as  it  eliminated  the  tread  groove 
failures  of  ‘he  one-piece  cast  tire  and  the  tread  derailment  problems  of 
tne  two- p i  »m  e  c  us t  tire. 

’ he  two-piece/ replaceable  tread  cast  tire  has  significant  payoffs 
and  ,  .'»■>.*  i  .1 1  for  in.  ten-  ■  ast  1 1  re  success  hut  much  development  in  the 
atva  ot  increased  dli  expansion  of  the  stiff  polyester  cast  carcass  and 
‘read  retention  need,  to  be  done. 

•1.  'ne  air  cod  i  f  ted .  uii  re  i  n  f  o  rc.  ed  Sbt>6  "Hytrel"  material  had  the 
!.e\‘  i/nu,",c  ;  e rtormuni  e  as  it  sic  ces -fully  completed  three  miles  of  taxi 
at  r.i*eq  I  ad  end  attained  ‘tie  highest  curst  pressure  (400  psig) . 

■  .  >l.i  tiller  .  ub  .*  ant  i  a  1  1  y  increased  the  modulus  of  the  base 

; .  m  1  v  1 1  if  i  I.,  reinforc  ing  the  nurd  pna-.e  of  the  matrix  but  tended  to  im.te 
fne  re  .jt  tmg  pol  ymei  t  >  r » t  *  le  and  have  poor  re, (Stance  to  fie'  cracking. 
Mors,  development  worm  is  required  in  glus.  reinforcement  techniques, 
i  in  i  f  i  •  an  •  1  i ,  material  creep  still  incurred  in  the  soft  phase  of  the 
,l.i  re  in  ton  ed  polymer,,  sinie.  only  the  hard  phase  was  reinsure  t**1 . 

To  eli  mafo  f  »ie  .iterial  <  reep  failures,  tfie  soft  pha  will  tiave  to  be 
!  >■  I  I  *(,(  |  ell  _ 

Tti..  f  henna  1  cure  greatly  affected  the  dynamic  performani  e  ot 
the  fire,  a  , i r i  imptop er  material  ture  paused  material  degrada t i ■  u,  and 
a  1.,..  in  ■»•(  nanip.i !  proper  f  ii",  of  t  tie  ha  ,r  polymer.  A  proper  t  henna  1 
,  u  1  >  .  j  r  i . )  in  i  ( ■ ,  r't  :  !  e  r  ’  ,t  I  ■;  I  I  '  r  l  f'U  t  1  on  around  trie  t  O  rn  i  da  I  t  l  re  p  r  o  ved 

||.|  ,  1  '  *  1  1  •  n  1  *  1 1 ,  I  e  ve  w  I  t  ri  t  tie  rotational  I  a  s  f  mo  I  d  i  n  g  P  riu  0  .  . 
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7.  The  control  and  repeatability  of  a  uniform  wall  thickness  around 
the  toroidal  tire  and  at  sharp  radii  proved  to  be  very  difficult  with 

the  rotational  cast/mold  process.  This  was  especially  true  for  the 
heavier  wall  thickness  designs  which  were  felt  to  be  necessary  for  a 
cast  tire  of  adequate  strength. 

8.  Material  oxidation  which  occurs  inside  the  tire  during  the 
thermal  cure  cycle  caused  material  degradation  and  must  be  eliminated. 

The  introduction  of  an  inert  gas  in  the  tires  cavity  is  a  possible 
solution  but  the  termination  of  the  contract  did  not  allow  sufficient 
time  for  a  complete  evaluation. 

9.  The  materials  tested  in  this  effort  seemed  to  provide  adequate, 
if  not  superior,  static  dimensional  stability,  vertical  and  lateral 
stiffness,  hysteresis,  and  frictional  characteristics  of  specific  cast 
tire  designs  when  compared  to  the  baseline  bias  tire. 

10.  The  cast  tire  designs  and  materials  were  inadequate  with  respect 
to  net  and  gross  contact  areas  (footprint),  fore-aft  brake  loads,  aligning 
torque  characteristics ,  burst  test  requirements  and  the  dynamic  tire 
qualification  test  requirements. 
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SECTION  VIII 
RECOMMENDATIONS 

Since  the  contract  was  prematurely  terminated  before  liquid 
injection  molding  (LIM)  processes  and  thermoset  polyurethane  material 
tire  designs  could  be  evaluated,  it  is  recommended  that  the  LIM  process 
and  polyurethane  material  tire  designs  be  evaluated  at  some  future  date. 

In  addition,  with  the  advantages  and  potential  cost  savings  offered 
by  cast/molded  tires,  consideration  should  be  given  to  the  eventual 
development  of  polymers  specifically  structured  for  high  performance 
military  aircraft  tire  application  without  restricting  the  effort  to 
off-the-shelf  materials. 
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TABLE  2  ( CONTI  NHL D) 

CAST  T1RL  THf  RMAI  CURL  DATA 


MULLINS 
CYCLE.  NK 


CARCASS  THERMAL  CYCLE. 
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TABLE  i  (CONTINULU; 

CAST  TIRE  THERMAL  CURL  DATA 
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APPENDIX  B 


FIGURES  AND  PHOTOGRAPHS 
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ONE-PIECE  CAST  TIRE 


CONVENTIONAL  TIRE 


1  COMPONENT  PART 
1  ELASTOMER  COMPOUND 


12-16  COMPONENT  PARTS 
8-12  RUBBER  COMPOUNDS 


TREAD  CAP 
(NR,  PBD,  SBR) 

TREAD  BASE 
(PI,  SBR,  PBD) 

BELTS  OR  BREAKERS 
(NR,  SBR,  PBD) 
PLIES 
(NR,  PBD,  SBR) 
LINER  (TUBELESS) 
(CHLOROBUTYL) 
SIDEWALL 

(EPDM  OR  NEOPRENE) 
APEX  (SBR) 

BEAD  INSULATION 
(NR) 

BEAD  WIRES 
FLIPPERS 
CHAFERS 


Fiqure  1.  One-Piece  Cast  Tire  Vs  Conventional  Tire-Comparison 
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Figure  3.  7.00-8  One-Piece  Cast  Tire  (Section) 
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ONE  PIECE  CAST  TIRE 
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Fiqure  4.  7.00-8  Two-Piece  Cast  Tire 


Figure  5.  7. Two-Piece  Cast  Tire  Carcass 
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fire  (Carcass  &  Belt  Section) 


B068C5 


Baseline  Bias  Tire  (7.00-8/16  PR) 
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Fiqure  16.  AMF  Orbi 
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Fiqure  1H.  Static  Growth  Measurements  -  One-Piece  fast  !ires 
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CROSS  SECTION  (IN)  OUTSIDE  DIAMETER  (IN) 
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BASELINE  BAIS  TIRE 
O  -  S\N  0920 
TWO-PIECE  CAST  TIRES 
S\N  B097A5 
□  S\N  B028B3 


St ri tic  Growth  Measurements  -  Two-Piece  Cast  Tires 
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CROSS  SECTION  (IN)  OUTSIDE  DIAMETER  (IN) 
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BASELINE  BIAS  TIRE 
o-  S\N  0920 
INTEGRAL  TIRE 
A-  S\N  B068CI 
a-  S\N  B078C4 


Figure  23.  Dimensional  Stability  Data  P  125  (PS1G)  Inflation 
Pressure  -  Integral  Tire 
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figure  25.  Dimensional  Growth  Tests  (Two-Piece  Cast  Tire) 
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FOOTPRINT  DATA 
CAST  TIRE  EVALUATION 
700-  8  AIRCRAFT  TIRE 


Contact  Area  Vs  Normal  Load 


FOOTPRINT  DATA 
AST  TIRE  EVALUATION 
^00-8  AIRCRAFT  TIRE 


UNI)  V38V  10V1NO0 


B098T2 


FOOTPRINT  DATA 
CAST  TIRE  EVALUATION 
7  00-8  AIRCRAFT  TIRE 


NORMAL  LOAD  (KLBS) 

Contact  Area  Vs  Normal  Load 


NORMAL  LOAD  (LBS)  NORMAL  LOAD  (LBS) 
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BASH  INF.  BIAS  TIRF 
Q  -  S/N  1000 

ONE-PlFCr  CAST  TIM  ' 
A  -  S/N  A0//AI 
□  -  S/N  A097BBI 
0  -  S/N  A028CI 

TWO-PIECE  CAST  T  IRE 
O  -  S/N  B097A3 
L  -  S/N  B0P8B4 

INTEGRAL  CAST  TIRE 
0  -  S/N  B098K2 


BASELINE  BIAS  TIRE 
O  '  S/N  1006 


INTEGRAL  CAST  TIRE 


□ 


A 

A 

O 

0 

0 


0 


S/N  B098M2 
S/N  B098N2 
S/N  B09803 
S/N  B098P3 
S/N  B098Q2 
S/N  B098S2 
S/N  B098R3 
S/N  BI28U3 
S/N  BI28V3 


Fiqure  30.  Vertical  Load  Vs  Deflection  0  125  PSIG 


VERTICAL  LOAD  (KlB^) 


At  WAL-TR-80-3f)bb 


Figure  31.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  G128U3 
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Inflation  (psig) 

90  125  160 


2  3  4  5  6 

Deflection  (inches) 


Figure  32.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B 1 28V 3 
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'lure  i4.  Vertical  load  Vs  Vertical  Deflection,  Integral  Tire 

s/n  bo9;:l/ 
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Figure  36.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B098M2 
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DEFLECTION  (in) 


Figure  37.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B098N3 


v'erfiCai  Load 
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Inflation  (psig) 

9C  125  160 


Figure  39.  vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B098P3 
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Inflation  Pressure  (psig) 


125  160 


Deflection  (in.) 


15  May  1979 


Figure  41.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B098S2 


Ver*icai  Load  'KlB; 
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PSiG  Inflation 


90  )?b  1 60 


Deflection  (»n )  2  May  79 


Figure  42.  Vertical  Load  Vs  Vertical  Deflection,  Integral  Tire 
S/N  B088K2 
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Figure  43.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B098S2 
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-3200 


Figure  44.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B088I2 


3.2 


2  May  79 
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Figure  46.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B09802 
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Fiqure  47.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B  1281)3 
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Figure  48.  Lateral  Load  Vs  Lateral  Deflection,  Baseline  Bias 
Tire  S/N  1006 
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Figure  49.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B098M2 
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Figure  50.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B098N3 


DEFLECTION  (in) 


VERTICAL  LOAD:  6650  lbs 
INFLATION  PRESSURE:  125  PSIG 
RATE  OF  DEFLECTION  20  in  /min 
ENERGY  LOSS  3800  in -lbs 


Figure  51.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B083K2 
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Figure  52.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B098S2 


100 


A I  WAl  -TR-8D-  iOSS 


rigure  53.  Lateral  Load  Vs  lateral  Deflection,  Integral  Tire 
S/N  B088I2 
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3 


I  2 

Deflection  (m  ) 


VERTICAL  LOAD'  6300  lbs 
INFLATION  PRESSURE  125  PSK3 
RATE  OF  DEFLECTION  20  in  /min 
ENERGY  LOSS :  2800  in -lbs 


Figure  55.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B09802 
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Figure  56.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B128U3 
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Figure  57.  Lateral  Load  Vs  Lateral  Deflection,  Baseline  Bias 
Tire  S/N  1006 
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Figure  58. 


Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  8098M2 
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Figure  59.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B098N3 
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Figure  60.  Lateral  Load  Vs  Lateral  Deflection,  Integral  Tire 
S/N  B088K2 
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Figure  65.  Burst  Test  Data 
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INFLATION  PRESSURE  (PSIG)  INFLATION  PRESSURE  (PS'G) 
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Figure  66.  Burst  Test  Data 
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Figure  68.  Burst  Test  One-Piece  Cast  Tire  (S/N  A097BB4) 

Material  Creep  Failure-Tread  Grooves  @  350  PSIG 


116 


AFWAL-TR-80-305L' 


WAI.  -  '!■'  -  An-? 


igure  /'j.  Liurst  lest  Integral  Cast  lire  (S/N  BOHHJb) 
Material  Creep  Failure-Belt  Edge  P  345  PS  I G 
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Figure  76.  Burst  Test  Integral  Cast  Tire  (5/N  B098L5) 
Brittle  Failure-Sidewall  P  325  PSIG 
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Figure  77.  Lateral  Force  and  Aliqninq  Torque  Test-Set  U| 
Tire  Torce  Machine 
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Figure  106.  Aligning  Torque  Vs  Slip  Angle  and  Vertical  Load 
(Carpet  Plots) 
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Figure  123.  Dynamic  Taxi  Test  Integral  Cast  Tire  (S/N  3068C5) 
Material  Creep  Fai lure-Shoulder  P  Belt  Edge 


V 


AD-A097  604  AIR  FORCE  MR  I  ANT  AERONAUTICAL  LARS  MR I OHT -PATTERSON  APB  OH  F/«  1/3 

STATIC  ANO  DYNAMIC  EVALUATION  OP  A-37  CAST  ANO  CAST  CARCASS/ INT—CTC  fu> 
NOV  00  PC  ULRICH 

UNCLASSIFIED  APMAL-TR-00-30S#  NL 


AFWAL-TR-80-  30b i: 


Figure  132.  Dynamic  Taxi  Test  Integral  Cast  Tire  (S/N  B098S1) 
Brittle  Failure-Shoulder  &  Sidewall  (Glass 
Reinforced  Tire) 
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Figure  136.  Dynamic  Take  Off  Test  Integral  Cast  Tire 

(S/N  B068C4)  Successfully  Completed  100  (0-150  MPH) 
Take  Offs. Failed  During  First  Taxi  Test-Creep  Failure 
0  Belt  Edge 
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Figure  137.  Dynamic  Taxi  Test  Integral  Cast  Tire  (S/N  B068C5) 
Tire  to  Wheel  Slippage  (3.5  Inches) 
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APPENDIX  C 

TIRE  CONTACT  PRINTS  (FOOTPRINTS) 
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1ST  TIRE  FOOTPRINT 

TIRE  SIZE 

IEl'1  ..x. ...  USED  ... 

RETREAD  B' 

.  0.  NO.  .77.-.2.1 _ 

.  .  CODE  NO 

.KID  DEPTH  . 

125 

.  IN. 

lATEO  INFLATION  ... 

.  PS1 

6.°. .  %  RATED  LOAD  . 
21.\2A  DEFLECTION 
iPERATOR  . 

3990 

.  LBS 

..  DATE  3 

AFWAL-TR-80- 3055 


TEST  TIRE  FOOTPRINT:  TIRE  SIZE  . 7 . 00-8 .  MFR  Zedron  _ 

NEW  -  A...  USED  .  RETREAD  BY  . ...N/A . 

S.  0.  NO . 77r.2.1 .  CODE  NO.  ..A .  FLPL  .  FLWHL  .... 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LGTH.  .  AA.l . .  IN 

RATED  INFLATION _ l.2? .  PS  I  MAX.  FOOTPRINT  WDTH.  ..3-.2.3..  IN 

.1.00  %  RATED  LOAD _ .6.6.5° .  LBS.  NET  CONTACT  AREA  .  ,2.2.  \9.0. .  SO.  IN 

2.6.-80. .  DEFLECTION  GROSS  CONTACT  AREA  ,2.®-.9.3.  SQ.  IN 

OPERATOR  .  DATE  3/1/78  SERIAL  NR.  .A077A1 . 


Figure  C-3.  Tire  Contact  Prints  (Footprints) 
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TEST  TIRE  FOOTPRINT:  TIRE  SIZE  . .  .7.0.°."A . MFR  ^.e.d.r?P. . 

NEW  ..X...  USED  .  RETREAD  BY  . Ji/A . 

S.  0.  NO.  . . .  77t?1 .  CODE  NO.  ..U .  FLPL  ..X.  FLWHL  . 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LGTH.  6.-.7.7 .  IN. 

RATED  INFLATION  ..}?? .  PS  I  MAX.  FOOTPRINT  WDTH.  .A\3.5...  IN. 

??. ,  %  RATED  LOAD . ??9.0. . . .  LBS.  NET  CONTACT  AREA  .  A7.-.4.7. .  SO.  IN. 

DEFLECTION  GROSS  CONTACT  AREA2.3/.1.7..  SQ.  IN. 

OPERATOR  .  DATE  2.24/78  SERIAL  NR.  .  MVM\ . 


Figure  C-6.  Tire  Contact  Prints  (Footprints) 
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TFS I  URL  FOOTPRINT:  TIRL  SIZE 

NLi\l  .  . .  .  USED  .  RETREAD  BY 

S.  0.  NO.  ...7.77r.1 .  CODE  NO. 

SKID  DEPTH  .  IN. 

RATED  INFLATION  .Jr? .  PS  I 

.  %  RATED  LOAD  . ????...  LBS. 

DEFLECTION 

OPERATOR  .  DATE  3/9/ 


7  -'>0-8  j  p  Xedron 

.  JJ .  FLPL  .  .  .  FLVifll. 

MAX.  FOOTPRINT  LOTH.  .  A -Ml .  Ih 
MAX.  FOOTPRINT  VJDTH.  .  .5. ..9.3.8. .  IN 
NET  CONTACT  AREA  . .  .24 ..01.  so.  IN 
GROSS  CONTACT  AREA  SQ.  IN 

9  SERIAL  NR.  .  .f}Q?9Q4 . 
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TEST  TIRE  FOOTPRINT:  TIRE  SIZE  _ ..  A?.0.  ? .  MFR  AA™1? . 

NEW  ......  US£I) .  RETREAD  BV  . .  A  ^ . 

S.  0.  NO.  . .  CODE  NO.  . . . .  FLPL  ...A  FLWHL  .... 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LOTH.  ,5:?38.. 

RATED  INFLATION  . . -1.2.5. .  PSI  MAX.  FOOTPRINT  WDTH.  .5:750_  IN 

.  %  RATED  LOAD  ...A9.9.0. .  LBS.  NET  CONTACT  AREA  ..??:??.  SO.  IN 

A  A.9.3.  DEFLECTION  GROSS  CONTACT  AREA  ?<?A7.  SQ.  IN 

OPERATOR  .  DATE  3/7/79  SERIAL  NR.  . .  PP??!1.3 . 


Figure  C - 1 8 .  Tire  Contact  Prints  (Footprints) 
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US  I  URL  iOOH'RINi:  TIRL  SI/!  .  .  I .  MI  .  . 

NEW  .  .  USED  .  RETREAD  DY  . 

S.  0.  NO . 77-21 .  CODE  NO.  .  . .  U .  FLPl  .  .'J..  ELWfIL  .... 

SKID  DEPTH  .  IN.  MAX  FOOTPRINT  LOTH.  7.on....  IN 

RATED  I  NILA  1 1  ON  ,1.~A .  PS  I  MAX.  FOOTPRINT  WDTH.  h‘.v'...  IN 

U!°. .  %  RATED  LOAD  . . .  .  LBS .  NET  CONTACT  AREA  SO.  IFF 

TQ-.Al.  DEFLECTION  GROSS  CONTACT  AREA  .??:?■.*  SO.  IN 

OPERATOR  .  DATE  1 1 SERIAL  NR . . 


Tifjure  C-21.  Tire  Contdct  Prints  (Footprints) 
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TEST  TIRE  FOOTPRINT: 

NEW  .  ..  USED  . 

S.  0.  NO.  ...IItt) . 

SKID  DEPTH  . 

RATED  INFLATION  ...  125... 

.  j6H  %  RATED  LOAD  . . .  3990 
.13.. .7.1.  DEFLECTION 
OPERATOR  . 


TIRE  SIZE  . . .  MFR  .z.e.d.r.°.n. 

RETREAD  BY  ....W . . . 

.  CODE  NO . ” .  FLPL  FLWHL  .... 

.  IN.  MAX.  FOOTPRINT  LGTH.  ........  IN 

.  PSI  MAX.  FOOTPRINT  WDTH.  IN 

.  LBS.  NET  CONTACT  AREA  ...2.3.-.8.Q  SO.  IN 

GROSS  CONTACT  AREA  .26.42.  SQ.  IN 
DATE  11/9/78  SERIAL  NR.  .  . 


TIRE  SI/E 
RETREAD  BY 
.  CODE  NO. 

.  IN. 

.  RSI 

.  LBS. 


MAX. 
MAX . 
NET  C 


OTPRIN 
or  PR  IN 
TACT  A 
ONTACT 
IAL  NR 


DATE 


AFWAL -TR-80- 3055 


7.00-8 


TEST  TIRE  FOOTPRINT:  TIRE  SIZE  .  MFR  ... 

NEW  ,x .  USED  ....  ...  RETREAD  BY  , . . . . 

s.  0.  NO . 77:.2.1 .  CODE  NO.  f .  FLPL  .....  FLWill 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LGTH.  ...ZV.. 

RATED  INFLATION  . A2.5 .  PSI  MAX.  FOOTPRINT  WDTH.  . 

•  A°.  %  RATED  LOAD  . . .  ???9 .  LBS.  NET  CONTACT  AREA  ..  SO 

-1.3.-.0.1.  DEFLECTION  GROSS  CONTACT  AREA  A2;®.  SQ 

OPERATOR  .  DATE  3/1/79  SERIAL  NR.  ...?99?W.... 


Zedron 


Figure  C-26.  Tire  Contact  Prints  (Footprints) 


At  *Al  -  :  R  -  HO  -  HISS 


1 1  ST  riKi  FOOTPRINT : 

NEW  _  .  US  TO  _ 

S.  0.  NO . 7.7r.2.1. 

[)  ULPTH  . 

RATED  INFLATION 

%  RATED  LOAD  .. 
.......  DEFLECTION 

OPERATOR  . 


125 

'6650 


TIRE  SIZE  . 7:?97?.  .?AST _ Mf:R  Zedron. 

RETREAD  BV  ..■*/* . 

.  CODE  NO . (•? .  FLPL  .*...  FLWHL  .... 

.  IN.  MAX.  FOOTPRINT  LGTH.  .$,325..  IN 

.  PSI  MAX.  FOOTPRINT  WDTH.  .^,25...  in 

.  LBS.  NET  CONTACT  AREA  .  SQ.  IN 

GROSS  CONTACT  AREA  SO-  IN 

.  DATE  11/15778  SERIAL  NR.  . .  PP???'.2 . 


Figure  C-27.  Tire  Contact  Prints  (Footprints) 
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Al'WAl  -TR-Oii-  TOSS 


f  00  ri’PI  N  I  : 

U‘.  n)./,.,, 


![.'>!  Ill>i 

Nr.W  . 

S.  0.  Nu . 

SKI  H  Dll’  III  .  .  .  . 
RAJ^l)  IMlATiO'l 

’  1 


OF'i 


.  _  ^  RATIO  L OAL) 

uiFLLUior; 

RATOR  . .  •  . 


I  ?  r> 


1 1 Ki  SI/I 
Rl  IRLAJ  i'ii 
.  .  COOI  N  ) 

.  IN. 

.  I’Sl 

.  IBS. 


7(H u x  f  ws  ! 


UA 1 1 


I  1/1 


.  t  1 1 1 L 

MAX.  f  Ou f I'R I fl I  :  Aid 
max.  footprint  worn 
ne.t  contact  aria  .. 
^'OSS  CONTACT  ARIA 


.  I  1  WML  . 

.  .Y.YY 
’  Y.YiY 

f'.i-YS  srV. 

Y'.YY  so. 

SLRIAL  NR.  .  .'V!Y”YY . 


Ml  R 


7.  t  il  r.  mi 


IN 


/ 

I 


\ 


\Y 

Y  i 


'■V 


Tin 


1 1 
/  t 


Firiuro  C.-2H.  Tire  Contact  Prints  (Footprints) 


PT4 


AFWAL-TR-rtn-3055 


TLST  TIRL  FOOTPRINT: 

Ntirf  USED . 

S.  o.  no . 77:?! _ 

SKID  DEPTH  . 

RATED  INFLATION 
.  ,’PP  %  RATED  LOAD  .???? 
.  }?.-*'!'  DEFLECTION 
OPERATOR  . 


TIRE  SIZE 
RETREAD  BY 
.  CODE  NO. 

.  IN. 

.  PSI 

.  LBS. 


7.00-8 


/A 


('.AST  _  _  Zed  re 


” .  I  LPE  .x.  . .  .  FLWHL  .... 

MAX.  FOOTPRINT  LOTH.  . />.-.8.7A  .  IN 
MAX.  FOOTPRINT  WDTH .  .  / 

NET  CONTACT  AREA  _ SQ.  IN 


DATE  11/1  mmiL  NR.":::i;P#;2 


CONTACT  AREA 


17 


SQ.  IN 


Fiqure  C-?9.  Tire  Contact  Prints  (Footprints) 


?1S 


AFWAL -TR-80-3055 


TEST  URE  FOOTPRINT: 
NEW  ......  USED  .... 

S.  0.  NO . 7...J 

SKID  DEPTH  . 


1 


TIRE  SIZE  . 
RETREAD  BY 


7.00-8 

N'/A 


CAST 


CODE  NO . ?.2 .  FLPL 


RATED  INFLATION _ 'Al .  PSI 


60 


'  n.'sff 


RATED  LOAD 


3990 


DEFLECTION 
OPERATOR  . 


DATE 


IN.  MAX.  FOOTPRINT  LGTH 
MAX.  FOOTPRINT  WDTH 
LBS.  NET  CONTACT  AREA  .. 
H/16WS  CONTACT  AREA 


MFR 


Zedron 


SERIAL  NR. 


.  FLWHL  . 
3.73 

"s'.teb" 
..A.78  gg 


IN 

IN 

IN 

IN 


Figure  C - 30 .  Tire  Contact  Prints  (Footprints) 


AFWAL-TR-80-1055 


TLST  TIRE  FOOTPRINT: 


NLlT 


x 


USED 


S.  0.  NO . 77r.2.1 . 

SKID  DEPTH  . 

RATED  INFLATION  . l2A 

RATED  LOAD  .A.5.0. 
.“.A?  DEFLECTION 
OPERATOR  . 


TIRE  SIZE  . .7.-PP.-6. . .  CAST _  MFR  ?edcs»?. 

RETREAD  BY  ,n/a . 

. .  CODE  NO . ,5.7.  ...  FLPl . ?  FLWtiL  .... 

.  IN.  MAX.  FOOTPRINT  LOTH.  .  .  .  IN 

.  PSI  MAX.  FOOTPRINT  WDTH.  A’:?!?..  IN 

.  LBS.  NET  CONTACT  AREA  ...??:]?  SO.  IN 

Gf^SS  CONTACT  AREA  .??:??  SQ.  IN 


DATE 


SERIAL  NR.-....?.0.9.8.0.2. 


f iqure  C-31 .  Tire  Contact  Prints  (Footprints) 
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V 


AFWAL -TR-80-30bb 


TLbi  1 1 r l  F-oo rRRi  r:  I : 

NEW  ..A..  USED  . 

s.  o.  nu . . . 

SKID  L'lR  rn  . 

RATED  INFLATION  . 

.  /’/!  %  RATED  LOAD  . 

J.  V.s.l  DEFLECTION 
OPERATOR  . 


T  1  Rt  SI/L  . ^QO-B  .  ..OAST  _  f.|f  p  Xedrqn 

.  .  RETREAD  BY  _ C/A . 

_  CODE  N0.r>? .  FLPL  ..X..  FLVJHL  .... 

.  IN.  MAX.  FOOTPRINT  LGTfl .  .  .5^0..  IN 

.  PS  I  MAX.  FOOTPRINT  WDTH.  .  IN 

...  LBS.  NET  CONTACT  AREA  . .  U  71  sq.  IN 

GROSS  CONTACT  AREA  sq.  in 

_  DATE  11 7 13/78  SERIAL  NR . ?????•? . 


Fiqure  C-32.  Tire  Contact  Prints  (Footprints) 
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V 


AFWAL-TR-80-3055 


TEST  TIRE  FOOTPRINT :  TIRE  SIZE  . 7\°.0r.8 . .CAS.T. . .  MFR  ?.e.dF°n. 

NEW  ..*...  USED  .  RETREAD  BY  . A’/A. . 

S.  0.  NO.  .7.7r.2.1 .  CODE  NO.  . .  ,6r .  FLRL  .X...  FLWIIL  .... 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LGTH.  .P:99...  jri 

RATED  INFLATION  .  ...5  ...  .  _ PSI  MAX.  FOOTPRINT  WDTH.  IN 

RATED  LOAD  . ?.9.9? _ LBS.  NET  CONTACT  AREA  .  . .  .27-.57SO.  IN 

DEFLECTION  GROSS  CONTACT  AREA  ..in-.?6SQ.  IN 

OPERATOR  .  DATE  11/14/78  SERIAL  NR.  ... ????"? . 


Figure  C-34.  Tire  Contact  Prints  (Footprints) 
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AFWAL-TR-8()-j()b5 


IESI  TIRE  I  00  TPRI NT :  URL  SI/L  .  . . .  7  :  .’l.  ,H  .  . .  .  ,A: !  . .  .  .  Ml  R  7.i'drq.? . 

NtW  .  ...x.  .  USED  .  RETREAD  BY  ...«(* . 

S.  0.  NO.  ...7.7r.2.* .  CODt  NO.  ...(>« .  f LPL  Fl WML  _ 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LOTH.  1-.9 .  IN 

RATED  INFLATION  ...1.2.5 .  PS  I  MAX.  FOOTPRINT  WDTH .  P-.V.) .  .  .  IN 

W  .  5.  RATH)  LOAD . PPP9 _ LBS.  NL T  CONTACT  AREA  .  .  SQ.  ill 

>.',.-.s.7..  DEFLECTION  DROSS  CONTACT  AREA  l7.  .  SQ.  IN 

OPERATOR  .  DATE  1  SERIAL  NR.  .  . 


/ 

I 

I 

I 

I 

1 

l 

V 


II 

ll 

-I 

ii 


ii 

H 

i1 

A.1— 


Figure  C-3S.  Tire  Contact  Prints  (Footprints) 


Z?  I 


\ 


AFWAL-TR-80-3055 


Tt sr  th\l  roorpRiriT:  tikl  s i /Z •  ??:? _ CAV' .  mfr  . 

M'.'i  ••  .  USED  .  RETRIAL)  BY  . ■:L‘) . 

S.  0.  NO . ??r?) .  CODE  NO.  .  FLPI.  .7 .  .  FLWIIL  .... 

SLID  DEPTH  .  IN.  MAX.  FOOTPRINT  LOTH.  F-.7.5...  IN 

RATED  INFLATION  . -1?? .  PSI  MAX.  FOOTPRINT  WDTH.  . . .  IN 

.  «  RATED  LOAD  . .  .3??P .  LBS.  NET  CONTACT  AREA  ...2:’.  5ft  SO.  IN 

.’.V.7.1.  DEFLECTION  GROSS  CONTACT  AREA  Si).  IN 

OPERATOR  .  DATE  11/8/78  SERIAL  NR.  «???”? . 


Figure  C-36.  Tire  Contact  Prints  (Footprints) 
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■if  W'U-TK-rtn-  iiv,c 


1 !  >  I  1 1  i-  •  lulUI’HlM:  in:!  bi/I  . 7.-.0.°r:s . !VW.  . 

...  UM.I) .  Kl.  Iki  nil  i,V  ?/i\ . 

s.  o.  N'i . VrAK .  Loot  no . 77 .  fun  n.wtii.  . 

jkii)  1,'iiTH  .  in.  max.  rcommn  tcm.  .va/h..  in. 

RAFfi)  i mii a r i on  . >.v> .  fbi  max.  footprint  wimi.  .f>, in 

. „  ratio  load _ 'AAA. . uib.  nn  con  met  aw  a  i?  so.  is. 

. .'  AAA.  IH  1 1  LCTIOM  GROSS  CONTACT  AULA  .  ??: 5?  SQ.  IN. 

oPLkA  for  .  oat:  11/1 7/7“  si  rial  m: . W?!:? . 


I  inure  C-37.  Tire  Contact  Prints  (Footprints) 
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AFWAL-TR-80-3055 


1L..I  TIRE  FOOTPRINT: 
NEW  .  .  .x. .  .  USED _ 


S.  0.  NO. 


77-21 


SKID  DEPTH  . 

RATED  INFLATION  1.2.'5. 
. %  RATED  LOAD  . 
DEFLECTION 


OPERATOR 


\ 

Figure  C-38.  Tire  Contact  Prints  (Footprints) 
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ArWAL-TR-80-3055 


(LSI  TIKE  FOOTPRINT 

new  .  ..x.  us  Li)  ... 

S.  0.  NO.  ..77-21.. 

SKID  DLL'  I H  . 

RATE D  INFLATION  ... 
.  0  RATLI!  LOAD  . 

.  Of  n  CUT  ON 
OPERA  FOR  . 


TIRE  SIZE  . ^-.(.K):8 .  MFR  7:tAr.°.n.  . 

RETREAD  BY  .  .  .'PA . 

.  CODE  NO.  .  .7? .  FLPI.  .A...  FLWHL  .... 

.  IN.  MAX.  FOOTPRINT  LGTH.  A.-AA.l . .  IN 


125 
'  3990 


PSI  MAX.  FOOTPRINT  WDTH.  A.-?}}...  IN 
LBS.  NET  CONTACT  AREA  . .  A().  \8.2.  SO.  IN 
GROSS  CONTACT  AREA  23.43  SQ.  IN 
;  2/28779  SERIAL  NR.  ... »?????. ...... . 


F inure  C-40.  Tire  Contact  Prints  (Footprints) 


AFWAL-TR-80-3055 


ILST  TIRE  FOOTPRINT:  TIRE  SUE  . 

NLlJ  .A...  USED  . .  RETREAD  BY 

S.  0.  NO . 7.7r.2.. .  CODE  NO. 

SKID  DEPTH  .  IN. 

RATED  INFLATION  A2.5. .  PS  I 

.199  %  RATED  LOAD  . fA’A°. . . .  LBS. 

AAA1?  DEFLECTION 

OPERATOR  .  DATE  11/12 


MFR 


Zedron 


7.00-8 

. Si'/ A . 

.  FLPI.  . 

MAX.  FOOTPRINT  LGTH .  ..".A".  IN 
MAX.  FOOTPRINT  WDTFF .  .A?7! A  IN 

NET  CONTACT  AREA  .  .  3?:?*9  SO.  IN 

^3.36  c,i  JN 


GROSS  CONTACT  AREA  AAUA  SQ. 
SERIAL  NR . AAAt.2 


Figure  C-41 .  Tire  Contact  Prints  (Footprints) 
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AFWAL-TR-8D-3055 


7  Lb  r 


TIRE 

X 


foo  rr’Ri  rj  r : 


T 1 KL  S I /t 


7 .  riO- 
'n/a 


MF  R 


Zi-dron 


S.  0.  NO.  . ,??7r! . 

. .  CODE  NO . 

d  l  y 

. .'....  f  LIT  ..  FLW1IL 

SKID  DEPTH  . 

.  IN. 

MAX  .  FOOTPRINT  LOTH.  .1  J.O/l  . 

IN 

RATED  INFLATION  J25 . 

.  PSI 

MAX.  FOOTPRINT  WDTH .  A  .'/A  . . 

IN 

.  jhP.  %  RATED  LOAD  .3990. 

.  LBS. 

NET  CONTACT  AREA  .  .1.9.42. .  SO. 

IN 

.1.0 70.  DEI  LECTION 

GROSS  CONTACT  AREA  22,18.  Sq. 

IN 

OPERATOR 


DATE  ll/W/78  SERIAL  NR. 


TS098T? 


Figure  C-42.  Tire  Contact  Prints  (Footprints) 
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/  .  (.10—8 


7  LST  TIRL  FOOTPRINT: 

tilA  .  ,.x. ..  USED  . 

S.  0.  NO . 77.-2.' . 

OKI!)  [jlI'IH  . 

RATE!)  INF l  AT  ION  _ .'.27. 

.  77!  %  RATED  LOAD  .A9?.0. 
.'.V.'A  DEFLECTION 
OPERATOR  . 


TIRE  SIZE  . 

RETREAD  BY  . ^ 

.  CODE  NO . 9! .  FLPI 

. .  ..  IN.  MAX.  FOOTPRINT 

.  PS  I  MAX.  FOOTPRINT 

.  LBS.  NET  CONTACT  AR! 

,  GROSS  CONTACT  j 
.  DATE  2/72/79  SERIAL  nr. 


DATE 


\ 


AFWAL-TR-80-30S5 


LsT  TIRE  FOOTPRINT:  T I RL  SI/E  . 7.-.°Pr.8 .  MFR  ZedrpP. 

fit w  .A...  USED  .  RETREAD  BY  _ T-'/A . 

S.  0.  NO.  A7.-.2.1 .  CODE  NO . ?7 .  ri.PL  . FLWHl . 

SKID  DEPTH  .  IN.  MAX.  FOOTPRINT  LGTFi.  .9:99?..  IN 

RATED  INFLATION  _ _ 12A .  PS!  MAX.  FOOTPRINT  WDTH.  .9:99...  IN 

.99.  i  RATED  LOAD  .  A9.9.0 .  LB:..  NET  CONTACT  AREA  .  ..^:9?  SO.  IN 

19\99.  DEFLECTION  GROSS  CONTACT  AREA  .?8:9?  SO.  IN 

OPERATOR  .  DATE  V2U7<i  SERIAL  NR . !9'7' r?. . . 
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N/A 

..W.....  r lpl  .x. . 

.  FLWHL 

IAX.  FOOTPRINT  LOTH 

6.  son 

IAX.  FOOTPRINT  WDTH , 

5 .  ft  59 

IET  CONTACT  AREA  . . 

^.•82  sn 

iROSS  CONTACT  AREA 
79  SERIAL  NR . 

.  .2.9.-.7^o 

B029Z3  ' 

\ 


I 

f  l  v. .  i  a  i !  : 

!M  II  . 

l:-- 

.  K:  i„j  ..... 

/ 

0. 

'  ■'  -  1 

.  .  .  t  ();  ■  \ 

j 

i 

•Mi  Of;  I."' 

.  £  '« 

•  :  | 

.  f  in  j  -  i 

V  ,  ■(,]  , 

/ 1  *  ■  *  ,•» 

.  r. 

i  . 

h  i  1 1 1'| 

[,K  ‘ 

.  ■  t  : 

1 1  PI 
I  fit 
IM 


Ml  l< 


.  H 


’•Mi  A  I. ! 

■  i  r->r, 

v . 


’V 


AFWAL -TR-80-3055 


APPENDIX  D 

VERTICAL  LOAD  VS  VERTICAL  DEFLECTION  PLOTS 
Notes:  For  the  following  plots 

1.  Inflation  Pressures  are  ir.  PSIG 

2.  Outside  Diameter  (OD)  in  inches 

3.  Cross  Section  (CS)  in  inches 
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rfl5T  r  I  PL  f'VALUAT  10!, 


ri  YW»m  (84"  [)  1 A  .  ) 


Vi  OA.'" 

(-.TANDARD 

r  r  p  r  j 

mv.. 

on 

cs 

Of! 

,>0.451 

6.  <151 

l  :>r> 

?0. 01 6 

7.01  0 

1  00 

20 . 578 

7.010 

LOAD  [  k  1  h*. ] 


[J*'f  I  • ‘I  t  i  on  ,  . 


f  I  <|u  ro 


DEFLECTION  [inch] 


AFWAI  -TR-80-3055 


CAST  TIRE  EVALUATION 
ELAT  PLATE 
S/N  A077A1 


PRESS. 

OD 

CS 

3  — 

90 

20.278 

8.228 

125 

2 0.394 

8.216 

160 

20.506 

8.210 

2  - 


0  1  2  3  4 


LOAD  [klbsj 


Eiqure  D-3.  Oef lection  Vs  Load 


.AST  T I P F  TVAL'JAT  !pN 


a/wHEEi  i  .4 "  niA. : 

S/N  ACJ97BPi 


r'»[  •. 


3  j  -  -  '  ■  1  , 

ifi'  .ii4 


LOAD  [kit)',  j 


i  r!u  *'<•  0-f).  t'f'fl  (m  t.  i  on  V'.  L  dint 


CAST  TIRE  EVALUATION 


FLAT  PLATE 

S/N  A028C4 

PRESS. 

OD 

CS 

90 

20.330 

8.320 

125 

20.500 

8.310 

160 

20.698 

8.312 

3  4 

LOAD  [Mbs] 


Figure  [)-7.  Deflection  Vs  Load 


3990  LBS 


DEFLECTION  [inch]  r 


CAM  URl  1'VAI.UATION 


RAT  CLATT 
c,/tl  Br7Kli4 


PRLSS . 

00 

CS 

90 

BO. 61 1 

H.  4?  7 

l.’S 

BO. 683 

8.446 

160 

'2lj 

K.  47? 

I 

l 

I 

90  B SrT 


?-  T  4  5  6  7 

LOAD  [klbs] 


T  ifiure  0-11.  Deflect  ion  Vs  Load 


LAST  TIKI  |  Ml  NATION 


Tl  YWHEEI  ( '-.4 "  DIA.  ) 

/N  liVMM 


rtii  fj 

.4 

■  .  H  *6  .  4 

i."4  -'..4 


1  I  I 

?  3  A 

LOAD  [klbsj 

Fiqure  D-12.  Deflection  Vs  Load 


3990  LBS 


DEFLECTION  [inch] 


AFWAL-TR-80- 3055 


CAST  TIRE  EVALUATION 
FLVWHEEL  (84"  DIA. ) 


S/N  B078C4 

PRESS. 

OD 

C_S 

90 

20.803 

3.470 

125 

20.837 

8.521 

160 

20.879 

8.593 

Figure  D-16.  Deflection  Vs  Load 


V 


DEFLECTION  [inch] 


DATA  DISCREPANC 
ENGAGEMENT  OF  S 


CAST  TIRE  EVALUATION 


FLAT  PLATE 
S/N  B088K4 


RE  5 S . 

op 

CS 

00 

20.748 

8.263 

125 

20.842 

8.280 

160 

20.894 

8.321 

1  4 

LOAD  [klbs] 


figure  D-23.  Deflection  Vs  Load 


DEFLECTION  [inchj 


V 


CAST  TIRE  EVALUATION 
FLYWHEEL  (84"  fl!A.) 


S/.N  B03RK4 

PRESS. 

00 

CS 

90 

30.  743 

8.367 

135 
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160 
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8.  114 
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DEFLECTION  [inch] 


\ 


AFWAL-TR-80-3055 


CAST  TIRE  EVALUATION 
FLAT  PLATE 
S/N  B098M2 


PRESS. 

OD 

CS 

90 

20.852 

8.399 

125 

20.910 

8.417 

160 

20.952 

8.441 

LOAD  [klbs] 

Figure  D-27.  Deflection  Vs  Load 


276 


DEFLECTION  [inch] 


AFWAl-TR-80-3055 


CAST  TIRE  EVALUATION 

FLYWHEEL  (84"  DIA.) 
S/N  B098M2 


PRESS. 

OD 

CS 

90 

20.850 

8.395 

125 

20.924 

8.418 

160 

20.982 

8.454 

0  12  3  4 

LOAD  [klbs] 


Figure  D-28.  Deflection  Vs  Load 


3990  LBS 


DEFLECTION  [inch] 


AFWAL-TR-80-3055 
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Figure  D-29.  Deflection  Vs  Load 
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Figure  D-30.  Deflection  Vs  Load 
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Figure  D-31.  Deflection  Vs  Load 
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Figure  0-32.  Deflection  Vs  Load 
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Figure  0-33.  Deflection  Vs  Load 
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Figure  D-34.  Deflection  Vs  Load 
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Figure  D- 3 7 .  Deflection  Vs  Load 
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Figure  D-40.  Deflection  Vs  Load 
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Figure  0-41.  Deflection  Vs  Load 
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Figure  D-42.  Deflection  Vs  Load 
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Figure  D-45.  Deflection  Vs  Load 
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Figure  D-46.  Deflection  Vs  Load 


DEFLECTION  [inch] 


AFWAL-TR-80-3055 


CAST  TIRE  EVALUATION 
FLAT  PLATE 
S/N  8029X3 


PRESS. 

op 

cs 

90 

20.800 

8, 

.459 

125 

20.860 

8, 

.507 

160 

20.910 

8. 

570 

Figure  0-49.  Deflection  Vs  Load 
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Figure  D-50.  Deflection  Vs  Load 
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Eiqure  D-51.  Deflection  Vs  Load 
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Figure  D-52.  Deflection  Vs  Load 
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Figure  D-54.  Deflection  Vs  Load 
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Figure  D-59.  Deflection  Vs  Load 
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Figure  0-61.  Deflection  Vs  Load 
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